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Abbreviations 


ABL 

Application  Blood  Loss 

ANOVA 

Analysis  of  Variance 

BL 

Baseline 

CBC 

Complete  Blood  Counts 

CoTCCC 

Committee  on  Tactical  Combat  Casualty  Care 

IM 

Intra-Muscular  injection 

ETC02 

End  Tidal  Carbon  Dioxide 

LRS 

Lactated  Ringer’s  Solution 

MAP 

Mean  Arterial  Pressure 

MSD 

Minisponge-Based  Dressing 

NAMRU-SA 

Naval  Medical  Research  Unit  San  Antonio 

Pre-TBL 

Pre-treatment  Blood  Loss 

Post-TBL 

Post-treatment  Blood  Loss 

SCA 

Subclavian  Artery 

SCV 

Subclavian  Vein 

SEM 

Standard  Error  of  the  Mean 

SOCOM 

Special  Operations  Command 

SCHD 

Standard-of-Care  Hemostatic  Dressing 

TCCC 

Tactical  Combat  Casualty  Care 
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Executive  Summary 

Background:  Hemorrhage  is  the  leading  cause  of  preventable  death  on  the  battlefield.  Non- 
compressible  injuries  to  junctional  regions  such  as  the  axilla,  neck,  and  groin  account  for  20%  of 
these  deaths  and  present  a  challenge  to  first  responders  and  medical  care  providers.  Timely  and 
effective,  point-of-care  treatments  for  junctional  hemorrhage  could  help  save  lives  on  the 
battlefield  and  in  civilian  trauma.  A  novel  product,  the  minisponge-based  dressing  (MSD),  has 
been  developed  to  treat  junctional  hemorrhage.  The  MSD  is  comprised  of  a  syringe  applicator 
filled  with  compressed  chitosan  coated  sponges  which  are  delivered  into  the  wound  at  the  site  of 
the  junctional  injury  and  hemorrhage.  Although  initial  published  results  seem  promising,  an 
independent  evaluation  and  comparison  of  this  product  has  yet  to  be  performed. 

Objective:  The  objective  of  the  current  study  was  to  evaluate  the  hemostatic  effectiveness  of  a 
novel  MSD  product  to  control  bleeding  in  a  porcine  model  of  junctional  hemorrhage. 

Methods:  A  swine  subclavian  artery  (SCA)  and  vein  (SCV)  transection  model  of  uncontrolled 
junctional  hemorrhage  was  utilized.  All  animals  were  anesthetized,  instrumented,  and  underwent 
splenectomy  before  the  SCA  and  SCV  were  isolated  via  a  small  skin  incision.  The  exposed 
subclavian  vessels  were  treated  with  lidocaine,  transected  and  allowed  to  free  bleed  for  thirty 
seconds  prior  to  application  of  the  hemostatic  dressing.  Animals  were  randomly  assigned  into 
one  of  three  treatment  groups:  1).  Minisponge-based  dressing  (MSD;  n=10),  2).  standard-of-care 
hemostatic  dressing  with  three  minutes  of  manual  compression  (SCHD-WC;  n  =  10)  and  3). 
standard-of-care  hemostatic  dressing  no  manual  compression  (SCHD-NC;  n  =  10).  Following 
dressing  application,  a  “wait  period”  of  4  minutes  for  MSD  and  3  minutes  for  both  SCHD-WC 
and  SCHD-NC  groups  transpired.  Subsequently  a  60-minute  observation  period  commenced 
(T  =  0-60  minutes).  All  animals  were  euthanized  while  under  anesthesia  at  T  =  60  minutes. 
Primary  endpoints  were  animal  survival,  blood  loss,  hemostasis,  and  application  time.  Statistical 
significance  was  compared  at  each  5  minute  interval  from  T  =  0  through  T  =  60  minutes  using 
one-way  ANOVA.  A  p-value  of  less  than  0.05  was  considered  significant. 

Results:  Baseline  values  for  weight,  blood  pressure,  cavity  volume,  and  hematocrit  were  not 
different  between  groups.  Additionally,  there  were  no  differences  in  the  diameters  of  both  the 
SCA  and  SCV,  or  blood  loss  prior  to  hemostatic  dressing  application  between  treatment  groups. 
Pack  time  was  shorter  (p  <  0.05)  in  the  MSD  group  (31.1  ±4.1  s)  compared  to  both  SCHD-WC 
(65.0  ±5.7  s)  and  SCHD-NC  (60.3  ±  2.0  s)  which  were  not  different  from  one  another.  The 
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amount  of  blood  loss  during  the  time  of  application  was  also  significantly  lower  in  the  MSD 
group  (1.3  ±  0.3  g/kg,  p  <  0.05)  compared  to  both  the  SCHD-WC  (5.1  ±  0.9  g/kg)  and  SCHD- 
NC  (5.1  ±  0.7  g/kg)  groups.  There  was  no  difference  in  survival,  hemostasis  or  total  blood  loss 
during  the  observation  period  (T0-T60)  among  groups. 

Conclusion:  The  current  study  demonstrates  the  potential  benefits  of  a  novel  MSD  hemostatic 
device  and  supports  clinical  translation  for  field  application.  However,  further  work  is  needed  to 
more  comprehensively  evaluate  this  novel  approach  and  determine  optimal  guidelines  for  its  use 
in  tactical  medicine. 
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Introduction 


Hemorrhage  is  responsible  for  90%  of  potentially  preventable  deaths  on  the  battlefield, 
with  the  majority  of  these  deaths  occurring  prior  to  arrival  at  medical  treatment  facilities 
(Eastridge  et  al.,  2012).  Of  the  casualties  who  die  from  potentially  survivable  hemorrhage  before 
reaching  a  medical  treatment  facility,  50%  die  from  non-compressible  truncal  hemorrhage  and 
20%  die  due  to  junctional  (i.e.  axillary,  neck,  or  groin)  hemorrhage  that  is  not  amenable  to 
tourniquet  application  (Kelly  et  al.,  2008;  Eastridge  et  al.,  2012;  Eastridge  et  al.,  2011). 

Although  the  increased  use  of  field  tourniquets  and  hemostatic  dressings  by  the  military  has 
resulted  in  a  reduction  in  deaths  from  extremity  hemorrhage  (Kragh  et  al.,  2009;  King,  201 1),  the 
management  of  non-compressible  truncal  and  junctional  hemorrhage  remains  a  significant 
challenge  to  medical  providers  both  in  military  and  civilian  settings  (Holcomb  et  al.,  2007;  Kelly 
et  al.,  2008;  Eastridge  et  al.,  2011). 

Anatomically,  junctional  injuries  occur  at  the  intersections  of  anatomically  distinct  body 
regions  and  are  traversed  by  major  vascular  structures.  Junctional  vascular  structures  are  often 
not  amenable  to  external  compression  either  due  to  their  depth  or  overlying  boney  structures. 

The  subclavian  artery  and  vein  are  in  a  defined  junctional  region  and  injuries  to  these  vessels 
present  a  unique  challenge  as  a  result  of  their  relatively  protected  and  non-compressible  location 
underneath  the  clavicle.  The  standard  military  recommendation  of  direct  pressure  to  achieve 
hemorrhage  control  (Butler  &  Blackboume,  2012)  is  typically  ineffective  in  this  region  because 
pressure  over  the  clavicle  will  not  be  transmitted  effectively  to  the  deep  subclavian  vessels  to 
stop  hemorrhage.  As  a  result  of  their  non-compressible  nature  and  paucity  of  effective  field 
techniques  or  equipment  for  controlling  hemorrhage  from  this  region,  penetrating  injuries  to  the 
subclavian  vessels  have  been  associated  with  a  high  mortality,  up  to  50%  in  some  studies 
(Demetriades  et  al.,  1999). 

Researchers  have  recently  developed  a  novel  hemostatic  dressing  intended  to  treat 
junctional,  non-compressible,  hemorrhage.  The  dressing  is  comprised  of  rapidly  expanding 
minisponges  which  are  administered  into  a  wound  through  a  lightweight  syringe  applicator.  The 
minisponges  expand  upon  contact  with  blood,  do  not  require  manual  compression  and  result  in 
direct  compressive  hemorrhage  control  of  the  bleeding  vessel  (Mueller  et  al.,  2012).  In  a  recent 
publication  using  a  swine  subclavian  injury  model  of  lethal  non-compressible  junctional 
hemorrhage,  the  minisponge-based  dressing  (MSD)  was  compared  to  the  current  Committee  on 
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Tactical  Combat  Casualty  Care’s  (CoTCCC)  standard-of-care  hemostatic  dressing  (SCHD). 

The  SCHD  is  used  to  “control  life-threatening  hemorrhage  from  external  bleeding  at  sites  that 
are  not  amenable  to  tourniquet  use”  (Butler  &  Blackboume,  2012).  In  comparison  to  SCHD, 
MSD  treated  animals  were  reported  to  have  significant  improvements  in  both  hemostasis  and 
survival,  along  with  reduced  blood  loss,  resuscitation  fluid  requirements,  and  treatment  time  for 
application  of  the  product. 

The  Naval  Medical  Research  Unit  San  Antonio  (NAMRU-SA)  was  selected  by  Special 
Operations  Command  (SOCOM)  to  evaluate  the  efficacy  of  MSD  compared  to  SCHD  using  the 
swine  subclavian  injury  model  of  junctional,  non-compressible,  hemorrhage.  The  purpose  of  the 
present  investigation  was  to  specifically  evaluated  these  dressings  for  overall  survival,  time  of 
application,  blood  loss,  and  hemostasis. 

Materials  and  Methods 

Animals. 

Thirty  male  Yorkshire  Swine  (Oak  Hill  Genetics,  Ewing,  IL)  weighing  50  to  80  kg  were 
used  in  this  study.  Animals  were  randomly  assigned  to  1  of  3  treatment  groups,  each  with  an  n  = 
10.  Temperature,  humidity,  and  husbandry  care  were  in  accordance  with  the  current  Guide  for 
the  Care  and  Use  of  Laboratory  Animals  of  the  National  Academy  of  Sciences.  Animals  were 
housed  individually,  maintained  in  a  12  hour  light  and  12  hour  dark  cycle,  fed  a  commercial  diet 
and  given  water  ad  libitum.  All  animal  procedures  were  approved  by  the  Fort  Sam  Houston  Tri- 
Service  Research  Lab  Institutional  Animal  Care  and  Use  Committee  (Protocol:  NAVY-11-06). 

Anesthesia,  Surgical  Manipulation  and  Euthanasia. 

Twelve  hours  prior  to  the  procedure,  swine  were  ordered  nil  per  os  with  the  exception  of 
water  ad  libitum.  Animals  were  sedated  with  8  mg/kg  Telazol  (Fort  Dodge  Animal  Health,  Fort 
Dodge,  IA)  via  intra-muscular  (IM)  injection.  During  surgical  preparation  and  prior  to 
anesthesia,  0.01  mg/kg  buprenorphine  IM  and  0.004  mg/kg  glycopyrrolate  IM  were  provided  for 
pain  management  and  reduction  of  mucosal  secretions,  respectively.  After  intubation,  general 
anesthesia  was  conducted  utilizing  isoflurane  delivered  at  2-4%  in  pure  oxygen  for  initial 
anesthesia  induction  and  then  reduced  to  1-2%  thereafter  to  maintain  a  surgical  plane  of 
anesthesia.  The  ventilator  was  adjusted  to  maintain  an  end  tidal  CO2  (ETCO2)  partial  pressure 
between  38  and  42  mmHg. 
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A  marginal  ear  vein  was  accessed  for  collection  of  a  baseline  venous  blood  gas  sample 
and  to  be  used  as  an  alternate  access  for  fluid  delivery.  The  right  carotid  artery  was  catheterized 
with  a  7fr  vascular  catheter  (Harvard  Apparatus,  Holliston,  MA)  and  used  for  arterial  blood 
sampling  and  for  monitoring  of  blood  pressure  and  heart  rate.  The  right  jugular  vein  was 
catheterized  with  an  Intracath  16ga  catheter  (Deseret  Co,  Sandy,  UT)  for  fluid  infusions. 
Subsequently,  a  midline  laparotomy  was  performed  followed  by  a  splenectomy  to  reduce  the 
potential  hemodynamic  effects  of  autotransfusion  during  the  experiment.  The  spleen  was 
weighed  and  3  ml/gram  of  spleen  weight  of  wanned  Lactated  Ringer’s  Solution  (LRS)  was 
administered  at  a  rate  of  100  mL/min  to  compensate  for  the  splenic  blood  loss,  which  was 
performed  to  maintain  consistency  with  a  previous  MSD  study  (Mueller  et  al.,  2012).  A 
cystostomy  was  performed  for  urinary  drainage  prior  to  laparotomy  closure. 

Standard  vital  telemetry  was  used  for  continual  monitoring  of  heart  rate,  blood  pressure, 
respiration,  temperature,  electrocardiogram,  ETCCL  and  oxygen  saturation  (SpOi)  by 
Cardiocap/5  (GE  Healthcare,  Salt  Lake  City,  UT)  every  15  minutes  prior  to  the  experimental 
injury  and  5  minute  intervals  thereafter. 

Hemorrhage  was  induced  by  transection  of  the  subclavian  artery  (SCA)  and  vein  (SCV) 
as  described  previously  by  Mueller  et  al.  (2012).  The  left  SCA  and  SCV  were  accessed  via  a  4.5 
cm  skin  incision  approximately  4  cm  lateral  to  the  sternum,  and  directly  over  the  left  pectoralis 
major  muscle.  The  pectoralis  major  muscle  was  transected  using  electro-cautery  to  expose  both 
the  SCA  and  SCV.  Using  a  combination  of  blunt  and  sharp  dissection,  a  5  cm  segment  of  both 
the  SCA  and  SCV  were  isolated  and  dissected  circumferentially  from  surrounding  tissues.  Once 
all  pre-calculated  splenic  replacement  fluid  was  delivered,  measurements  were  taken  of  the 
vessel  diameters,  cavity  depth,  and  cavity  volume.  The  subclavian  vessels  were  then  immersed 
in  30  mL  of  2%  lidocaine  (Phoenix  Pharmaceuticals,  St.  Joseph,  MO)  for  10  minutes  to  promote 
vasodilation.  This  ten-minute  period  was  also  designated  as  a  stabilization  period  in  which  mean 
arterial  pressure  (MAP)  was  maintained  above  60  mmHg.  When  the  stabilization  period  was 
completed,  excess  lidocaine  in  the  cavity  was  removed  and  vessels  were  measured  again.  The 
SCA  and  SCV  injuries  were  then  created  by  complete  transection  of  the  SCA  and  SCV  using  a 
scalpel,  followed  by  a  30-second  period  of  free  bleeding  prior  to  hemostatic  dressing  application. 

All  treatment  groups  received  500  mL  of  Hextend  (Hospira  Inc.,  Lake  Lorrest,  IL) 
immediately  following  the  30-second  free  bleed,  subsequently  LRS  was  infused  as  needed  to 
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maintain  a  MAP  above  65  mmHg.  All  resuscitation  fluids  were  delivered  by  a  Belmont  Rapid 
Infuser  (Belmont  Instruments,  Billerica,  MA)  at  a  rate  of  100  mL/min. 

During  the  60  minute  observation  period,  signs  of  hemostasis,  bleeding  and  vital  signs 
were  continuously  recorded.  Blood  escaping  the  edges  of  the  wound  was  collected  by  vacuum 
suction  to  measure  total  blood  loss  throughout  the  experiment.  Pre-treatment  blood  loss  (pre- 
TBL)  was  defined  as  all  blood  collected  from  the  vacuum  during  the  30  second  bleed  prior  to 
hemostatic  dressing  application  plus  the  measured  volume  of  the  cavity.  Application  blood  loss 
(ABL)  was  defined  as  any  blood  which  exited  the  wound  during  application  of  the  test  materials 
after  the  30  second  free  bleed  period  and  prior  to  the  start  of  the  60-minute  observation  period 
(TO).  Post-treatment  blood  loss  (post-TBL)  was  defined  as  any  blood  collected  on  pre-weighed 
absorbent  pads,  blood  absorbed  by  the  hemostatic  agents,  and  blood  collected  during  the 
observation  period  (TO  -  T60).  As  defined  in  this  study,  hemostasis  was  achieved  when  blood 
ceased  to  drain  from  the  wound  site.  Re-bleed  was  defined  as  failure  of  hemostasis  that  occurred 
during  the  observation  period  (between  TO  and  T60).  At  the  end  of  each  experiment,  the  test 
materials  were  removed  and  weighed,  the  final  cavity  volume  was  recorded  and,  if  not  already 
deceased,  the  animals  were  euthanized  with  a  lethal  dose  of  Beuthasol  (100  mg/kg),  Sodium 
Pentobarbital,  (JA  Webster,  Sterling,  MA).  Death  criteria  for  the  study  was  defined  as  MAP  less 
than  20  mmHg  and  ETCCB  less  than  15  mmHg  for  more  than  two  minutes. 

Hemostatic  Dressings. 

The  current  standard-of-care  hemostatic  dressing  (SCHD)  to  control  hemorrhage  in  the 
US  military  (Butler  &  Blackboume,  2012)  is  a  gauze  (50%  Rayon  and  50%  Polyester) 
impregnated  with  kaolin,  an  aluminosilicate  clay,  which  activates  the  intrinsic  coagulation 
cascade  when  in  contact  with  blood  (Lawton  et  al.,  2009;  Granville-Chapman  et  al.,  201 1).  The 
SCHD  was  purchased  from  the  manufacturer  (Z-Medica  Corporation,  Wallingford,  CT)  as 
sterile,  individually  packaged,  z-folded,  3-inch  by  12-foot  strips  from  the  manufacturer  (Z- 
Medica  Corporation,  Wallingford,  CT).  Manufacturer  directions  for  SCHD  include  packing  of 
the  product  into  the  wound,  followed  by  three  minutes  of  compression  to  the  packed  dressing. 
The  mini-sponge  dressing  (MSD)  is  a  novel  product  that  utilizes  compressed,  chitosan-coated, 
cellulose  sponges  that  expand  upon  contact  with  liquid.  The  compressed  sponges  are  packaged 
into  a  30mm  diameter  applicator  syringe  that  allows  for  injection  of  the  mini-sponges  into  the 
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external  injury  site.  The  MSD  used  in  this  study  was  manufactured  by  REVMEDX 
(REVMEDX,  Wilsonville,  OR)  and  provided  by  SOCOM. 

Dressing  Treatment  Groups  and  Randomization. 

Animals  were  randomly  assigned  to  one  of  three  treatment  groups:  MSD  with  no 
compression  (n=10),  SCHD  with  no  compression  (SCHD-NC,  n=10),  and  SCHD  with  manual 
compression  (SCHD-WC,  n=10).  The  investigators  involved  in  surgical  procedures  and 
hemostatic  application  were  blinded  to  the  randomization  of  the  hemostatic  dressing  treatment 
until  immediately  prior  to  the  creation  of  the  subclavian  injury.  The  time-course  for  hemostatic 
dressing  application  of  MSD  and  SCHD  is  depicted  in  a  diagram  (Figure  1),  and  also  described 
in  detail  below  for  all  three  treatment  groups. 

In  the  MSD  group  (n  =  10),  MSD  was  injected  into  the  wound  cavity  until  the  cavity  was 
filled  with  MSD  and  additional  MSD  could  not  be  contained  within  the  wound  cavity.  The  time 
of  MSD  administration  into  the  wound  was  noted  as  “pack  time.”  Multiple  MSD  syringe 
applicators  could  be  used  to  accomplish  cavity  filling.  Once  the  cavity  was  filled  with  MSD,  a  4 
minute  wait  period  occurred  prior  to  TO  and  the  start  of  the  60-minute  observation  period  (TO  - 
T60). 

The  entire  pack  of  the  SCHD  was  administered  into  the  wound  cavity  followed  by  a 
backing  of  additional  gauze  (Kerlix™;  Kendall,  Miami,  FL)  until  the  cavity  was  filled.  The  time 
of  SCHD  and  Kerlix  application  was  noted  as  “pack  time”.  No  manual  compression  was 
administered  to  the  dressing  following  its  application  (SCHD-NC).  Once  the  cavity  was  filled 
with  SCHD,  a  3  minute  wait  period  occurred  prior  to  TO  and  the  start  of  the  60  minute 
observation  period  (TO  -  T60).  In  the  event  that  hemostasis  was  not  achieved  following  initial 
application  of  the  dressing  and  prior  to  the  end  of  the  3-minute  wait  period,  the  SCHD  and 
Kerlix™  were  removed  and  a  second,  final,  dressing  with  SCHD  and  Kerlix™  was  applied.  The 
time  required  to  re-apply  SCHD  and  Kerlix™  was  noted  as  “2nd  pack  time.”  Following  the 
second  application,  a  3  minute  wait  period  occurred  prior  to  TO  and  the  start  of  the  60  minute 
observation  period  (TO  -  T60). 

In  arm  3,  an  entire  pack  of  SCHD  was  administered  into  the  wound  cavity  followed  by  a 
backing  (Kerlix™;  Kendall,  Miami,  FF)  until  the  cavity  was  filled.  The  time  of  SCHD  and 
Kerlix™  application  was  noted  as  “pack  time.”  Manual  compression  was  then  administered  to 
the  dressing  for  3  minutes  (SCHD-WC)  once  the  cavity  was  filled  with  SCHD.  Following  3 
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minutes  of  compression  the  60  minute  observation  period  (TO  -  T60)  was  commenced.  In  the 
event  that  hemostasis  was  not  achieved  following  initial  application  of  the  dressing  and 
compression  and  prior  to  the  end  of  the  3  minutes  of  compression,  the  SCHD  and  Kerlix™  were 
removed,  and  a  second,  final,  application  of  SCHD  and  Kerlix™  with  subsequent  compression 
for  3  minutes  was  performed.  The  time  required  to  re-apply  SCHD  and  Kerlix™  was  noted  as 
“2nd  pack  time.”  Following  the  second  application  and  the  3  minute  compression  time  the  60 
minute  observation  period  (TO  -  T60)  was  commenced. 

Regardless  of  randomized  treatment,  “pack  time”  was  defined  as  the  time  required  to 
apply  the  hemostatic  dressing  into  the  wound.  In  SCHD  groups  there  were  potentially  two  pack 
times,  depending  on  whether  a  second  dressing  application  was  required  due  to  failure  of  the  first 
application  to  achieve  hemostasis  during  the  3  minute  wait  period.  Hemostasis  was  achieved  if 
no  blood  came  through  the  hemostatic  dressing  and  out  of  the  cavity.  “Application  time”  was 
defined  as  the  time  during  which  the  technician  was  in  physical  contact  with  the  animal  (ex. 
pack-time  +  manual  compression  time).  “Application  time”  did  not  include  wait  periods; 
however,  it  did  include  the  3  minutes  of  compression  in  the  SCHD-WC  treatment  group.  If 
SCHD  was  applied  twice,  then  “application  time”  was  the  cumulative  time  for  both  applications; 
for  example,  the  MSD  and  SCHD-NC  “pack  time”  was  the  same  as  “application  time”  if  SCHD 
was  only  applied  once.  The  “wait  period”  was  implemented  for  the  MSD  and  SCHD-NC 
animals  to  standardize  the  start  of  the  observation  period  (TO)  to  SCHD-WC  animals  that 
required  3  minutes  of  manual  compression.  Therefore,  SCHD-NC  animals  had  a  ‘wait  period’  of 
3  minutes  to  match  the  time  of  manual  compression  required  for  SCHD-WC  animals.  However, 
MSD  animals  had  a  4  minute  ‘wait  period’  as  opposed  to  3  minutes,  because  the  MSD  “pack 
time”  was  generally  30  seconds  to  1  minute  shorter  than  the  ’’pack  time”  of  SCHD. 

Laboratory  Analysis. 

A  baseline  (BL)  blood  sample  was  collected  immediately  post-splenectomy  (T  =  0)  and 
additional  samples  were  collected  at  T  =  5,  15,  30,  45  and  60  minutes  following  the  spelenctomy. 
Analyses  included  complete  blood  counts  (CBC)  (LH500,  Beckman  Coulter,  Inc.,  Brea,  CA)  and 
blood  chemistry  analysis  (Abl  830  Flex;  Radiometer  America,  Westlake,  OH). 

Statistical  Analysis. 

Data  are  presented  as  mean  ±  standard  error  of  the  mean  (SEM).  Chi-square  tests  were 
used  to  analyze  categorical  variables.  Analysis  of  Variance  (ANOVA)  with  Tukey  post  hoc 
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analysis  was  used  to  determine  differences  between  treatment  groups.  Data  analysis  was 
performed  using  Origin  8.0  (OriginLab,  Northampton,  MA).  Statistical  significance  was 
determined  when  p  <  0.05. 

Results 

Baseline  (BL)  Parameters. 

Table  1  demonstrates  the  relationship  between  BL  conditions  and  treatment  groups: 
MSD,  SCHD-NC,  and  SCHD-WC.  All  parameters  evaluated  at  baseline  including;  weight, 
hemoglobin  levels,  hematocrit,  mean  arterial  pressure  (MAP),  platelet  counts,  pH,  splenic 
weight,  artery  diameter,  vein  diameter,  cavity  volume,  and  pre-treatment  blood  loss  were  not 
different  between  groups. 

Pack  and  Application  Time. 

Pack  time  during  the  initial  application  was  shorter  in  the  MSD  (31.1  ±4.1  s,  p  <  0.05) 
than  the  SCHD-NC  (65.0  ±  5.7  s)  and  SCHD-WC  (60.7  ±  3.7  s)  treatment  groups.  There  was  no 
difference  in  pack- time  between  SCHD  groups  during  the  first  or  second  packing  (Figure  2). 

The  MSD  treatment  group  had  a  shorter  (p  <  0.05)  overall  application  time  (31  ±  7  s)  than  the 
SCHD-NC  (100  +  18  s)  and  SCHD-WC  (307  +  27  s)  treatment  groups.  The  SCHD-NC 
treatment  group  had  a  shorter  application  time  compared  to  SCHD-WC  (p  <  0.05)  (Figure  2). 

Hemostasis  and  Mortality. 

Hemostasis  for  each  experimental  group  was  determined  in  three  categories:  hemostasis 
at  TO,  hemostasis  at  T60,  and  whether  a  re-bleed  occurred  (Table  2).  In  evaluating  hemostasis  at 
TO,  which  was  defined  as  absence  of  active  bleeding  at  the  onset  of  the  observation  period,  there 
were  no  differences  between  the  MSD  (60%),  SCHD-NC  (50%),  and  SCHD-WC  (50%) 
treatment  groups.  There  were  no  differences  between  treatment  groups  with  regard  to 
hemostasis  at  the  end  of  the  1-hour  observation  period  (T60)  MSD  (90%),  SCHD-NC  (100%), 
and  SCHD-WC  (70%)  (Table  2).  Furthermore,  there  were  no  differences  among  the  three 
treatment  groups  with  regard  to  re -bleed,  where  MSD,  SCHD-NC  and  SCHD-WC  had  re-bleed 
rates  of  0,  11  and  14  %,  respectively.  All  of  the  animals  in  the  MSD  and  SCHD-WC  groups 
survived  the  observation  period;  however,  one  animal  in  the  SCHD-NC  group  was  intravenously 
administered  a  lethal  does  of  Beuthasol  (100  mg/kg)  (sodium  pentobarbital)  because  the  animal 
reached  the  death  criteria  for  the  study. 


Page  I  13 


Blood  Loss. 

Pre-TBL  and  post-TBL  were  not  different  (p  <  0.05)  between  the  MSD,  SCHD-NC  and 
SCHD-WC  treatment  groups  (Figure  3),  in  which  pre-TBL  for  MSD,  SCHD-NC  and  SCHD-WC 
were  12.3  ±  0.9,  13.8  ±  1.5,  and  13.1  ±  0.8  g/kg,  respectively,  while  the  post-TBL  values  were 
7.0  ±  5.0,  3.5  ±  2.0,  and  8.7  ±  3.2  g/kg,  respectively.  However,  ABL  was  lower  in  the  MSD 
group  (1.3  ±  0.3  g/kg,  p  <  0.05)  compared  to  both  SCHD-WC  (5.1  ±  0.9  g/kg)  and  SCHD-WC 
(5.1  ±  0.7  g/kg)  (Figure  3). 

Resuscitation  with  Lactated  Ringer ’s  Solution  (LRS). 

LRS  was  administered  intravenously,  as  required,  to  maintain  a  minimum  MAP  of  65 
mmHg  in  all  animals  during  the  observation  period  of  the  study.  When  normalized  to  the  weight 
of  the  animal,  MSD,  SCHD-NC  and  SCHD-WC  groups  received  LRS  volumes  that  were  not 
different  from  each  other:  32.5  ±11  ml/kg,  55.6  ±  10  ml/kg  and  62.7  ±  7  ml/kg  respectively. 

Discussion 

Non-compressible  truncal  and  junctional  hemorrhage  is  the  underlying  cause  of  the 
majority  of  potentially  survivable  deaths  on  the  battlefield  (Eastridge  et  al.,  2012;  Eastridge  et 
al.,  201 1).  The  current  CoTCCC  field  treatment  recommendations  for  hemorrhage  not 
amenable  to  tourniquet  use  include  the  application  of  SCHD  followed  by  three  minutes  of 
compression.  However,  junctional  injuries  are  typically  under  bony  structures,  deep  and/or 
adjacent  to  vital  structures,  making  effective  application  of  manual  compression  difficult  and 
complicating  attempts  to  control  hemorrhage.  MSD,  which  was  specifically  developed  to 
address  non-compressible,  junctional,  sites  of  hemorrhage,  is  composed  of  compressed 
cellulose  minisponges  which  expand  upon  contact  with  blood  to  plug  the  wound  cavity  by 
causing  internal  tamponade.  Using  a  lethal  model  of  subclavian  artery  (SCA)  and  vein  (SCV) 
transection,  this  study  compared  MSD  with  the  current  TCCC  standard-of-care  hemostatic 
dressing  (SCHD)  both  with  (SCHD-WC)  and  without  manual  compression  (SCHD-NC). 

Due  to  the  rapid  lethal  nature  of  non-compressible  injuries  and  anatomic  differences 
between  humans  and  swine,  no  standardized  research  models  of  non-compressible  junctional 
hemorrhage  exist.  The  porcine  subclavian  injury  model  used  in  this  study  entailed  complete 
transection  of  the  SCA  and  SCV,  both  of  which  are  junctional  vessels  which  bleed  significantly 
at  lethal  rates  of  1.0  to  1.5  liters/minute,  similar  to  rates  in  humans  (Demetriades  et  al.,  1999).  In 
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humans,  SCA  and  SCV  injuries  represent  non-compressible,  junctional  hemorrhage  that  is  not 
amenable  to  tourniquet  placement.  However,  swine  as  opposed  to  humans,  lack  a  clavicle  over 
these  vessels,  thereby  allowing  some  degree  of  compression  of  the  SCA  and  SCV.  Though  the 
swine  model  is  not  an  exact  representation  of  a  non-compressible  human  subclavian  vascular 
injury,  it  does  represent  a  junctional  vascular  injury  not  amenable  to  tourniquet  placement. 
Therefore,  successful  control  of  hemorrhage  in  this  swine  model,  by  a  hemostatic  dressing 
without  the  requirement  of  compression,  has  promising  implications  for  translation  to 
hemorrhage  control  of  a  SCA  and/or  SCV  and  potentially  other  non-compressible  injury  sites  in 
humans. 

In  this  study,  using  a  swine  SCA  and  SCV  transection  injury  model,  MSD,  SCHD-NC, 
and  SCHD-WC  all  had  similar  efficacy  with  regard  to  hemostasis,  re -bleed,  and  mortality. 
Overall,  MSD,  SCHD-NC,  and  SCHD-WC  worked  equally  well  in  preventing  mortality  as  well 
as  achieving  both  immediate  and  overall  hemostasis.  There  were  no  differences  between  groups 
during  the  30-second  free  bleed  or  the  observation  period  (TO  -  T60).  However,  there  was  a 
difference  noted  in  the  amount  of  blood  lost  during  product  application  (application  blood  loss): 
MSD-treated  animals  lost  significantly  less  blood  (1.3  g/kg)  compared  to  both  SCHD-WC  (5.1 
g/kg)  and  SCHD-NC-treated  animals  (5.1  g/kg).  The  difference  in  blood  loss  during  the 
application  period  may  be  a  result  of  differences  in  pack-time  and  application  time  as  both  pack¬ 
time  and  application  time  were  significantly  shorter  for  MSD  than  for  either  SCHD-NC  or 
SCHD-WC  (Figure  2)  and  the  application  blood  loss  measurement  was  not  normalized  to 
account  for  the  observed  differences  in  product  application  time.  The  observed  measurable 
differences  in  blood  loss  during  pack  time  and  application  time  determined  in  this  study  between 
the  single  application  of  MSD  as  compared  to  SCHD  were  potentially  a  result  of  the  method  of 
application  of  MSD;  no  requirement  for  physical  compression  or  additional  gauze  (Kerlix™) 
application.  The  clinical  implications  of  the  observed  reductions  to  pack-time,  application  time, 
and  blood  loss  in  the  MSD  group  appear  promising  but  additional  evaluation  is  required  before 
definitive  conclusions  can  be  drawn. 

Further  investigation  is  warranted  to  more  completely  evaluate  the  potential  of  MSD  and 
to  permit  continued  reassessment  of  the  SCHD.  Continued  research  and  development  efforts 
remain  a  priority  in  order  to  develop,  refine  and  assess  effective  hemostatic  dressings  for  non- 
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compressible  truncal  and  junctional  hemorrhage  control  for  our  wounded  warfighters  in  austere 
and  combat  environments. 

Study  Limitation 

The  current  study  compared  MSD  and  SCHD  in  a  porcine  model  of  non-compressible 
junctional  hemorrhage.  As  noted  in  the  discussion,  although  the  model  used  in  this  study 
recapitulates  several  aspects  of  non-compressible  hemorrhage  in  humans,  it  differs  in  that  the 
subclavian  vessels  in  swine  are  not  covered  by  the  clavicle  bone  as  they  are  in  humans. 

However,  the  results  of  the  current  study  support  the  potential  efficacy  of  MSD  to  control 
hemorrhage  in  human  injuries  where  manual  compression  cannot  be  effectively  applied. 

Study  subjects  were  observed  for  a  one-hour  time  period  after  injury,  therefore,  it  is 
possible  that  longer  observation  may  reveal  higher  re -bleed  rates  than  those  identified  in  this 
study.  Lastly,  safety  issues  including  potential  retained  sponge  products,  possible  embolization 
of  particles,  or  direct  effects  on  tissues  in  contact  with  the  hemostatic  dressings  were  not 
addressed  in  this  study.  A  more  comprehensive  study  should  include;  a  larger  sample  size, 
longer  observation  periods  after  injury,  standardization  of  bleeding  measurements  to  application 
time,  safety  evaluations,  and  histological  analyses  to  determine  the  contributions  of  tamponade 
and  enhanced  local  clotting  on  the  hemostatic  effects  of  MSD. 

Summary 

In  the  current  study  utilizing  a  porcine  model  of  SCA  and  SCV  transection,  MSD 
provided  similar  initial  and  overall  hemostatic  efficacy  as  the  current  Committee  on  Tactical 
Combat  Casualty  Care  standard-of-care  hemostatic  dressing  (SCHD),  however,  application  time 
and  blood  loss  during  application  were  significantly  lower  with  MSD  and  furthermore,  these 
observed  results  were  achieved  without  manual  compression.  The  potential  benefits  of  these 
findings  as  they  translate  to  field  application  are  clear.  However,  further  work  is  needed  to  more 
comprehensively  evaluate  this  novel  hemostatic  approach  and  determine  optimal  guidelines  for 
its  use  in  tactical  medicine. 
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Figure  1.  Application  Timeline.  The  injury  was  accomplished  by  transecting  the  subclavian 
artery  and  vein.  The  observation  period  was  60  minutes  (T  =  0-60  min).  If  bleeding  was 
observed  in  the  first  three  minutes  of  the  wait  period,  standard-of-care  hemostatic  dressing 
(SCHD)  was  removed  and  a  new  SCHD  and  backing  was  applied. 
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Figure  2.  Packing  and  Application  times.  Pack  time  is  defined  as  the  time  required  to 
administer  the  agent  into  the  wound,  while  application  time  is  the  total  time  of  physical  contact 
(administration  time  +  compression  time). 

*  Indicates  a  statistically  significant  difference  (p  <  0.05)  compared  to  MSD. 

**  Indicates  a  statistically  significant  difference  (p  <  0.01). 
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Figure  3.  Blood  Loss.  Blood  loss  was  measured  separately  for  three  distinct  study  periods:  pre¬ 
treatment  total  blood  loss  (pre-TBL),  application  blood  loss  (ABL),  and  post-treatment  blood 
loss  (post-TBL). 

*  Indicates  a  statistically  significant  difference  between  groups  within  each  study  period  (p  < 
0.05)  compared  to  MSD. 
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Table  1.  Baseline  Animal  Characteristics. 


MSD 

SCHD - NC 

SCHD  -  WC 

p-value 

Weight  (kg) 

66.1  +  1.2 

63.7  +  3.4 

67.9  +  2.2 

0.48 

Hemoglobin  (g/dL) 

11.7  +  0.4 

11.2  +  0.2 

11.1+0.2 

0.31 

Hematocrit  (%) 

36.0+1.1 

34.6  +  0.7 

34.3  +  0.5 

0.32 

MAP  (mmHg) 

90.5  +  5.2 

80.9  +  3.7 

84.9  +  4.3 

0.33 

pH 

7.46  +  0.01 

7.47  +  0.01 

7.46  +  .01 

0.59 

Splenic  Weight  (g) 

2029  +  77 

1687  +  128 

1749+  119 

0.08 

Artery  Diameter  (mm) 

6.7 +0.2 

7.2 +  0.3 

7.2 +  0.2 

0.28 

Vein  Diameter  (mm) 

9.8  +0.1 

9.6 +  0.1 

9.3  +0.1 

0.67 

Cavity  Volume  (ml) 

131+8 

121+7 

113+7 

0.27 

Pre-treatment  Blood  Loss 
(mL/kg) 

12.3  +0.9 

13.8  +  1.5 

13.1+0.8 

0.64 

Note.  Data  expressed  as  mean  ±  SEM. 
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Table  2.  Hemostasis  Rate  for  Each  Treatment  Group. 


MSD 

SCHD - NC 

SCHD -  WC 

p-value 

Hemostasis  at  TO 

60% 

50% 

50% 

0.88 

Re-bleed 

0% 

11  % 

14% 

0.53 

Hemostasis  at  T60 

90% 

100% 

70% 

0.15 

Mortality 

0% 

10% 

0% 

0.36 

Note.  Values  are  shown  as  mean  ±  SEM.  Re-bleed  is  defined  as  hemostatic  failure  after  TO. 
Statistical  comparison  between  treatment  groups  was  performed  via  ANOVA. 
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